INTRODUCTION
============

Endocrine diseases concurrently present with variable clinical manifestations and metabolic abnormalities.[@b1-jomes-26-227] It is important to identify the cause of disease and treat the disease using an appropriate approach. Cushing's syndrome, characterized by the secretion of excess cortisol by the adrenal gland or ectopic sites, is one of the leading causes of metabolic disorders due to hypercortisolism and frequently induces diabetes mellitus, dyslipidemia, hypertension, and obesity. The clinical courses of these metabolic disorders, which are associated with Cushing's syndrome, are often more severe than in cases without hypercortisolism and cannot be controlled without addressing the primary cause of disease.[@b2-jomes-26-227]

We describe a patient with severe unregulated endocrine metabolic diseases, including diabetes mellitus, dyslipidemia, hypertension, and overweight, whose condition improved dramatically after surgical treatment for Cushing's syndrome and include a review of the literature.

CASE REPORT
===========

Written informed consent was obtained from the patient. A 38-year-old woman visited the endocrine department of our hospital with complaints of weight gain, presenting with increased abdominal obesity, rounded face, thin limbs, and easy bruising that had persisted for 5 years. She had been diagnosed with diabetes mellitus 4 months prior to presentation and had been taking amlodipine 5 mg twice daily to control high blood pressure for 3 years. The patient was suspected to have Cushing's syndrome based on these manifestations and past history. The results of screening tests were positive: serum cortisol level 22.9 μg/dL (reference range: 9.4--26.0 μg/dL) at 8:00 am and 24-hour urinary free cortisol level 584.0 μg/day (reference range: 55.5--286.0 μg/day). The patient was admitted to our hospital for further evaluation of Cushing's syndrome.

On admission, she had a high blood pressure of 170/80 mmHg despite amlodipine 5 mg twice daily for hypertension. Her height was 160 cm and body weight was 62 kg, with a body mass index (BMI) of 24.2 kg/m^2^ and was overweight according to Asia-Pacific WHO criteria for adults.[@b3-jomes-26-227] Her waist circumference was 73 cm. Her total cholesterol, triglycerides (TG), high-density lipoprotein cholesterol (HDL-cholesterol), and low-density lipoprotein cholesterol (LDL-cholesterol) were 323 mg/dL, 349 mg/dL, 59 mg/dL, and 203 mg/dL, respectively. Her fasting glucose level was 183 mg/dL, fasting insulin level was 4.81 μIU/mL, and homeostasis model assessment of insulin resistance was 2.17. Glycated hemoglobin (HbA1c) was 8.9%, and the patient was receiving treatment constituting 14 units of insulin detemir plus 1,000 mg of metformin for blood glucose control.

In the 48-hour low-dose dexamethasone suppression test, her serum cortisol level was 24.6 μg/dL and was not suppressed to less than 2 μg/dL. Plasma adrenocorticotropic hormone (ACTH) concentration was 1.59 pg/mL (reference range: 10--60 pg/mL) and was lower than the normal range. Abdominopelvic computed tomography was performed to identify the cause of ACTH-independent Cushing's syndrome and revealed a 3.8 cm homogenous enhancing mass in the left adrenal gland ([Fig. 1](#f1-jomes-26-227){ref-type="fig"}). Levels of other hormones including 24-hour urine metanephrine, epinephrine, norepinephrine, vanillylmandelic acid, 17-hydroxycorticosteroid and plasma aldosterone concentration and plasma renin activity were within normal ranges. Based on these findings, the patient was diagnosed with ACTH-independent Cushing's syndrome due to a left adrenal adenoma.

Laparoscopic left adrenal gland removal was performed 2 weeks after diagnosis of Cushing's syndrome. The pathologic finding was cortical adenoma in the left adrenal gland. After left adrenalectomy, the patient's metabolic abnormalities improved, especially those indicating glucose and lipid metabolism ([Table 1](#t1-jomes-26-227){ref-type="table"}). Her blood glucose level rapidly decreased compared to preoperative blood glucose level, and we stopped her insulin therapy 2 weeks after surgery. Over 3 months, the patient's HbA1c level improved from 8.9% to 7.0% despite the use of prednisolone 7.5 mg daily as steroid replacement therapy. Fifteen months after surgery, the patient stopped all oral glucose-lowering agents. Thereafter, oral steroid agent therapy was successfully discontinued, and plasma ACTH recovered to the normal range. At that time, the patient's body weight was 52 kg, or about 10 kg less than before left adrenalectomy. Her BMI was 20.3 kg/m^2^ or within the normal range. Her waist circumference was 68 cm. Lipid profile, including total cholesterol, TG, HDL-cholesterol, and LDL-cholesterol, also improved. Eight years after surgery, the patient is currently taking only amlodipine 5 mg once daily for hypertension treatment, and her blood pressure remains stable.

DISCUSSION
==========

Benign adrenocortical tumors are the most common cause of ACTH-independent Cushing's syndrome.[@b1-jomes-26-227],[@b4-jomes-26-227] In some studies of obese patients with type 2 diabetes, especially those with poor blood glucose control and hypertension, the reported prevalence of Cushing's syndrome is between 2% and 5%. These data suggest that Cushing's syndrome is more common than previously believed.[@b4-jomes-26-227] Excessive production of cortisol by abnormal adrenocortical tissue causes clinical manifestations of Cushing's syndrome and is associated with metabolic abnormalities including abdominal obesity, hyperglycemia, dyslipidemia, and hypertension, all of which increase the risk for type 2 diabetes mellitus as well as vascular morbidity and mortality. The most common of the metabolic abnormalities is weight gain, which is usually central but can be general in distribution, often accompanied by thickening of the facial fat, which rounds the face.[@b5-jomes-26-227] Cortisol is an important hormone in the regulation of glucose metabolism, and endogenous hypercortisolism is involved in not only abdominal obesity, but also development of hyperglycemia, which induces diabetes mellitus in Cushing's syndrome. Jeong et al.[@b6-jomes-26-227] reported that insulin resistance was significantly increased and insulin secretion was significantly decreased by exacerbation of hypercortisolism in patients with Cushing's syndrome. Dyslipidemia, characterized by increased very low-density lipoprotein, LDL-cholesterol, TG, and total cholesterol levels with decreased HDL-cholesterol and hepatic steatosis, have also been reported in patients with Cushing's syndrome.[@b7-jomes-26-227] Excess cortisol predisposes individuals to hypertension, as they lack nocturnal blood pressure dipping and experience increased cardiovascular risk.[@b8-jomes-26-227]

In this case, the patient had variable metabolic abnormalities including sudden onset of weight gain, diabetes mellitus, increased total cholesterol, TG and LDL-cholesterol, and poorly controlled blood pressure despite medication, caused by ACTH-independent Cushing's syndrome due to left adrenal adenoma.

It is necessary to remove the cause of hypercortisolism to resolve metabolic abnormalities, and the treatment of choice in patients with adrenal Cushing's syndrome is surgical adrenal resection for unilateral adrenal adenomas. However, insulin resistance, impairment of insulin secretion, and increased blood pressure can persist even after correction of cortisol excess and diabetes, leading to a need for long-term hypertension treatment.[@b9-jomes-26-227] Accumulating evidence suggests that cured Cushing's syndrome patients have increased morbidity and mortality despite endocrine control.[@b2-jomes-26-227]

The most interesting points of our case were that the patient showed dramatic improvement regarding metabolic abnormalities within a short period of time after surgery to remove a cortisol-secreting left adrenal adenoma and has remained in a state of metabolic resolution without recurrent Cushing's syndrome or metabolic disorders for a long period. Two weeks after surgery, she no longer needed insulin therapy despite receiving steroid replacement therapy and eventually achieved biochemical resolution of diabetes mellitus without receiving any oral glucose-lowering medication.

Treatment of Cushing's syndrome should aim to cure hypercortisolism and to eliminate any tumors that threaten the patient's health, while minimizing the chance of endocrine deficiency or long-term dependence on medications.[@b1-jomes-26-227] The outcome of our case suggests that it is important to recognize whether there are any other diseases requiring rapid treatment in patients with uncontrolled or severe endocrine disorders. Our patient experienced significant improvements of diabetes mellitus, hypertension, overweight, and dyslipidemia after treatment of adrenal Cushing's syndrome. At the time of writing the patient has maintained a state of normal glucose tolerance for 8 years.

**CONFLICTS OF INTEREST**

The authors declare no conflict of interest.
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###### 

Laboratory improvement in a patient with ACTH-independent adrenal adenoma after surgery

                              Before unilateral adrenalectomy   After unilateral adrenalectomy                  
  --------------------------- --------------------------------- -------------------------------- ------- ------ ------
  Body weight (kg)            62                                52                               \-      \-     \-
                                                                                                                
  BMI (kg/m^2^)               24.2                              20.3                             \-      \-     \-
                                                                                                                
  Cortisol (μg/dL)            22.9                              6.6                              13.5    18.4   15.7
                                                                                                                
  ACTH (pg/mL)                1.59                              34.5                             70.32   85.5   52.8
                                                                                                                
  Fasting glucose (mg/dL)     183                               96                               90      87     94
                                                                                                                
  HbA1c (%)                   8.9                               6.1                              5.1     5.2    5.4
                                                                                                                
  Total cholesterol (mg/dL)   323                               177                              209     \-     \-
                                                                                                                
  Triglycerides (mg/dL)       349                               120                              139     \-     \-
                                                                                                                
  HDL-cholesterol (mg/dL)     59                                44                               68      \-     \-
                                                                                                                
  LDL-cholesterol (mg/dL)     203                               109                              113     \-     \-

ACTH, adrenocorticotropic hormone; BMI, body mass index; HbA1c, glycated hemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol.
